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Invariance of the fine structure constant over the cosmological time 
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It is shown that the fine structure constant has remained invariant since the early universe with 
very high temperature. Although the speed of light was initially much higher than its current value 
according to a previous work [Phys. Rev. D 86, 027703 (2012)], where we have developed a modified 
relativistic dynamics of a particle in a thermal background field, and now showing that both the 
Planck constant and the electron charge were also very large in a distant past, it is found that the 
fine structure constant has not been changed with time in agreement with laboratory tests and some 
observational results. 

PACS numbers: 03.30.+p, 11.30.Qc, 06.20.Jr, 98.80.Es 



I. INTRODUCTION 

There are lots of theoretical proposals for variation of 
the fundamental constants of nature, including the vari- 
ation of the fine structure constant a[l][2][3] 4] 5]. Fur- 
thermore, many evidences behind recent claims of spatial 
variation in the fine structure constant, due to ground- 
based telescopes for the observations of ion absorption 
lines in the light of distant quasars, have led to much dis- 
cussion because of controversial results about how differ- 
ent telescopes should observe distinct spatial variations 
in aQ. Variation over cosmological time has also been 
conjectured0@li|. In view of all this, we should be 
careful to investigate the veracity of such controversial 
results. For this, we will start from a significant result 
of the extended relativistic dynamics due the presence of 
an isotropic background field with temperature T, which 
has been addressed in a previous article[lo|];i-e,the de- 
pendence of the speed of light with temperature of the 
expanding universe [c(T)] Based on this result, we 
will also be able to obtain the variation of the Planck con- 
stant with temperature [h(T)], the electric permittivity 
of vacuum modified by temperature [eo(T)] and, finally, 
the behavior of the electron charge with the background 
temperature [q e (T)], in such a way that we conclude ul- 
timately that the fine structure constant a has always 
remained invariant with the cosmic time scale. Thus, 
we will show that a' = a(T) = a = ql/^Treohc, where 
a" 1 « 137.035999037(91) 0. 

A recent article on the Bayesian reanalysis of the 
quasar dataset[l2l| reveals significant support for a skep- 
tical interpretation in which the apparent dipole effect is 
driven solely by systematic errors of opposing sign inher- 
ent in measurements from the Keck and VLT telescopes 
employed to obtain the observations @. Thus, this re- 
analysis leads us to question such results which show 
that the fine structure constant exhibits spatial varia- 



tions. This strengthens our defense in favor of its isotropy 
and also its invariance according to Occam's razor [12]. 

It is still important to mention the observational re- 
sults of J. Bahcall, W. Sargent and M. Schmidt[l3[ who 
measured the fine structure constant in quasar 3C191 
and showed that its value did not vary significantly with 
time, giving support to our theoretical result. 

Although recent astrophysical data suggest that the 
fine structure constant a has increased over cosmological 
time, where the combined analysis over more than 100 
quasar systems has produced a value of a relative change 
of Aa/a = -0.57 ± 0.10 x 10" 5 , which is at the 5cr sig- 
nificance level[T3], in contrast, we have laboratory tests 
that cover only a short time span and they have found 
no indications for the time- variation of a[l^|. Their ad- 
vantage, however, is their great accuracy, reproducibility 
and unequivocal interpretation. 



II. ENERGY EQUATION OF A PARTICLE IN 
A THERMAL BACKGROUND FIELD 



According to the relativistic dynamics, the relativistic 
mass of a particle is to — 77710, where 7 = l/\/l — v 2 /c 2 
and too is its rest mass. On the other hand, according to 
Newton second law applied to its relativistic momentum, 



we find F = 

TO (1 — V 2 j& 



dP/dt = d('ymov)/dt — (m ~/ 3 )dv/dt 



-3/2 



dv/dt, where to 7 represents an in- 



*UESC: Universidado Estadual de Santa Cruz- Departamento de 
Ciencias Exatas e Tecnologicas-DCET, Rod.Ilheus-Itabuna, km 16, 
Salobrinho- CEP.45.662-000, Bahia-Brazil. 



ertial mass (?7ij) that is larger than the relativistic mass 
m(= 7TO0); i.e., we have rxii > to. 

The mysterious discrepancy between the relativistic 
mass m(m r ) and the inertial mass rrii from Newton sec- 
ond law is a controversial issue (l^[l^(l||[l^[^|2l| (22^. 
Actually the Newtonian notion about inertia as the re- 
sistance to acceleration (to*) is not compatible with the 
relativistic dynamics (m r ) in the sense that we generally 
cannot consider F = m r a. An interesting explanation for 
such a discrepancy is to take into consideration the influ- 
ence of an isotropic background field[23| that couples to 
the particle, by dressing its relativistic mass (to,-) in order 
to generate an effective (dressed) mass to*(= m e / fective) 
working like the inertial mass (> m r ) in accordance 
with the Newtonian concept of inertia, where we find 



m* = to, = 7 2 ?7i r = 7 2 m. In this sense, it is natural to 
conclude that m* has a nonlocal origin; i.e., it comes from 
a kind of interaction with a background field connected 
to a universal frame 23] , which is within the context of 
the ideas of Sciama[24], Schr6dinger]25] and Mach 26] . 
If we define the new factor 7 2 = T, we write 

m* = Tm, (1) 

where r[l(| provides a nonlocal dynamic effect due to the 
influence of a universal background field over the particle 
moving with speed v with respect to such a universal 
frame 25]. According to this reasoning, the particle is 
not completely free, since its relativistic energy is now 
modified by the presence of the whole universe, namely: 

E* = m*c 2 = Tmc 2 (2) 

As the modified energy E* can be thought as being the 
energy E of the free particle plus an increment SE of non- 
local origin, i.e., E* = TE = E + SE, let us now consider 
that 8E comes from the thermal background field of the 
whole expanding universe instead of simply a dynamic ef- 
fect of a particle moving with speed v in the background 
field, in spite of the fact that there should be an equiva- 
lence between the dynamical and thermal approaches for 
obtaining the modified energy. To show this, we make 
the following consideration inside the factor T, namely: 

/ 2 \ -1 / mpv 2 \ 1 

T ^ = { 1 -^) - r ( T ) = \* i£rj ■ ( 3 ) 

from where we find T(T) = (l-T/Tp)' 1 ^, T being the 
background temperature. Tp(= mpc? /Kp ~ I0 32 K) is 
the Planck temperature in the early universe with Planck 
radius R P ~ l(T 35 m. E P (= m P c 2 ~ 10 19 GeV) is the 
Planck energy and mp(^ 10 _4 g) is the Planck mass. 
From the thermal approach, if T — > T P , T(T) diverges. 
Now we simply rewrite (2) as follows: 

E = T(T)mc 2 = (4) 

It is curious to notice that the Magueijo-Smolin dou- 
bly special relativity equation (mc 2 /l — -E/.Ep)[2"7| re- 
produces Eq.(4)[10j when we just replace E by KpT and 
Ep by KpTp in the denominator of their equation. 

As the factor T(T) has a nonlocal origin and is related 
to the background temperature of the universe, let us 
admit that this factor acts globally on the speed of light 
c, while the well-known factor 7 acts locally on the rel- 
ativistic mass of the particle. In view of this, we should 
redefine the equation (4) in the following way: 

E = [7'm ][r(T)c 2 ] = 7'moc' 2 = mc(T) 2 = mc' 2 , (5) 



2 




FIG. 1: This figure shows two graphics, namely R(t), which 
is the size (radius) of the universe as a function of time, and 
c(T), representing the speed of light with dependence on the 
temperature of the universe according to Eq.(7). At the be- 
ginning of the universe when it was a singularity with a min- 
imum radius of the order of the Planck radius, i.e., Rp ~ 
10 -35 m, having the Planck energy scale E p ~ 10 19 GeV which 
corresponds to the Planck temperature Tp ~ 10 32 K and the 
Planck time tp ~ 10 _43 s, the speed of light c' was infinite 
since there was no spacetime [see Eq.(7) for c(T)]. But imme- 
diately after, when T\ = 10 31 K, the speed of light had already 
assumed a value close to the current value as shown by Eq.(7) 
for c{T), and therefore a cone of light (a spacetime) had been 
formed; i.e., with c = 2.99792458 x 10 8 m/s for the present 
time, then, according to the function c(T), we find c\ = 
c(Ti) = 3.16008998 x 10 s m/s (see the figure). Subsequently, 
for T 2 = 10 30 K, we find c 2 = c(T 2 ) = 3.01302757 x 10 s m/s . 
For T 3 = 10 29 if c 3 = c(T 3 ) = 2.99942467 x 10 8 m/s. And 
for T 4 = 10 28 A" => c 4 = c(T 4 ) = 2.99807447 x 10 8 m/s. Fi- 
nally, for T 5 = 10 27 A' c 5 = c(T 5 ) = 2.99793955 x 10 8 m/s. 
From this temperature T 5 = 10 27 K, when t = ts ~ 10~ 35 s, 
corresponding to the energy scale of the Grand Unified The- 
ory (GUT) with 10 14 GeV, the universe inflated very quickly, 
starting with a radius R5 ~ 10 _25 m and reaching R§ ~ 10 25 m 
at the time t& ~ 10 _32 s; i.e., the size of the universe increased 
rapidly 50 orders of magnitude. Since the speed of lig ht 
C5 ~ c, Varying Speed of Light theories was questioned [101] . 

where now we have m = j'mo, so that 




And from Eq.(5) we extract 
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where c(T) = y/T(T)c = 7 T c, with 7T = 1/yJl-T/Tp. 
So the change in the s peed of lig ht is 5c = d — c, i.e., 
5c = ( 7T - l)c = (1/y/l-T/Tp - l)c. For T « T P , 
we get (5c rs 0. When T — Tp, c' has diverged. 

From Eq.(7), we find that the speed of light was infinite 
in the early universe when T = Tp. As the universe was 
expanding and getting colder, the speed of light had been 
decreased to achieve c(T) w c for T << Tp. Currently 
we have c(T ) = c, with T « 2.73K. 

According to Eq.(7), since the high value of the speed 
of light in the early universe was drastically decreased 
even before the beginning of the inflationary period as 
shown in a previous paper [lOj, in that work we were led 
to conclude that the usual theories of varying speed of 
light should be questioned as a possible solution of the 
horizon problem as shown in Fig.(l). 

We should note that the variation of the speed of light 
with temperature does not invalidate the postulate of 
constancy of the speed of light in special relativity since 
d for a given temperature remains invariant only with 
respect to the motion of massive particles, but not with 
respect to the age and temperature of the universe. 

III. INVARIANCE OF THE FINE STRUCTURE 
CONSTANT WITH THE COSMIC TIME SCALE 

In a previous work (ref. 10]), from a modified relativis- 
tic dynamics of a particle moving in a thermal back- 
ground field, it has been shown the dependence of the 
speed of light with temperature of the expanding uni- 
verse, given by Eq.(7). So we have found that the energy 
of a particle moving under the influence of a thermal 
background field is E = T(T)mc 2 = mc' 2 [Eq.(5)]. 

Now if we consider the energy of a photon modified by 
the presence of a background temperature, we write 



which represents the de-Broglie equation for the photon 
in the presence of the background temperature. 

According to Eq.(7), Eq.(ll) is written as m(jTc) = 
A _1 /i'. Since both the wavelength A and the relativistic 
mass m of the photon are not corrected with tempera- 
ture, only the constants c and h as global quantities are 
influenced by the background temperature, so that we 
have c'(= 77-c) and h'[= h(T)] in Eq.(ll). Thus, from 
Eq.(ll), we conclude that the Planck constant should be 
corrected just as the speed of light in Eq.(7);i.e.,we find 

h' = h(T)= lT h= /== , (12) 

or else H' = h(T) = jtK with h — h/2w. So, from 
Eq.(ll), we find p — m(~fTc) = A -1 (jrh) => A = h/mc, 
in such a way to preserve the de-Broglie equation and 
thus the wavelength (frequency) of the photon. In the 
early universe, when T — Tp, h' has diverged. 

It is known that c 2 = l//Zo£o> where fio is the magnetic 
permeability of vacuum and eo is the electric permittvity 
of vacuum. Thus, based on Eq.(7), by correcting this 
relation with temperature, we write 

,1c 2 1 
Ca = ^ = T ^ = ^o(l-^)' (13) 

from where we extract 



^ = Mo (r) = Mo yi-^ ! (14) 

and 



E 



„'2 



pc , 



(8) 



where p = mc' — mc(T) — m^pc, which represents the 
modified momentum of the photon. 

On the other hand, we already know that the energy 
of a photon is E = hv = hw, where h = h/2ir and w = 
Itxv = 2ttc/X, A being the wavelength of the photon and 
v(= c/A) being its frequency. Now, if we consider such 
energy modified by background temperature, we find 



E = h'w' = h'v 1 = h' 



X' 



where v' = c'/A. 

Comparing Eq.(8) to Eq.(9), we write 



E = mc' 2 = \- l h'd. 



(9) 



(10) 



or simply 



e o = eo(T) = ecn/1 - 



T 

tZ 



(15) 



since the electric (e) and magnetic (p) aspects of radia- 
tion are in equal-footing. 

Based on the theory of the electron, we write 



47re r e ' 



(16) 



where we have e 2 = g 2 /47reo. m e c 2 is the rest energy of 
the electron and r e (^ 10~ 15 m) is its classical radius. 

Now, by correcting the electron energy [Eq.(16)] in ac- 
cordance with Eq.(4), we write 



i2 m e c 
m e c = - 



T 



4ire' r e 



(17) 



mc 



\- l h' = X^h(T), 



(11) from where we get 
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or else 



1 T P 



(18) 



and <;g 2 [Eq.(21)] into Eq.(23), or even inserting c', h', 
/i' [Eq.(U)} and <^ 2 [Eq.(21)] into Eq.(23), we see that 



Kd 



he 



(24) 



£ 47T60 (l - £ 

Inserting Eq.(15) into Eq.(19), we find 



(19) 



and 



4ne' h'c' 



4:ire hc 



(25) 



AlTEr 



which implies that 



4^ (l - X) 



(20) 



that is, 



2h> 



2h ' 



(26) 



/2 2 

% =lrq e 



or 



= «e(T) 



1 - 



1 - X. 



(21) 



(22) 



The fine structure constant without temperature is 
a = e 2 /hc = <7g/47re ftc = q\[i^cj2h. Now by taking 
into account the background temperature, we have 



2h> 



(23) 



Finally, by inserting Eq.(7)(c'), Eq.(12)(fi') and 
Eq.(18)(e' 2 ) into Eq.(23), or inserting c', ft', e^[Eq.(15)] 



137.035999037(91)' 



(27) 



which reveals to us the invariance of the fine structure 
constant with temperature of the expanding universe 
and, therefore, its invariance over the cosmological time. 
IV. CONCLUSIONS 

In short, we aimed that, although the universal con- 
stants as the speed of light, the Planck constant and the 
electron charge have been varied with temperature of the 
universe, the pure number a, which is constructed from 
these constants is even more fundamental in the sense 
that it always has remained unchangeable with back- 
ground temperature related to the cosmological time. 
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